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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 has been approved and updated in RAN #51 and #52 respectively [1]
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[4]. One of the objectives of the work item is the study of additional carrier types including non-backwards compatible elements for Carrier Aggregation. 

This paper discusses some needs and enhancements that should be addressed with additional carrier types.

2 Discussion

This section discusses some of the areas that could be addressed if non-backward compatible additional carrier types are specified.
2.1 Energy Efficiency
Energy efficiency in wireless networks has become increasingly important. One reason is the simple fact that, for many operators, the cost of the energy needed to operate the system constitutes a non-negligible part of the overall operating expense. Today, mobile broadband is also growing rapidly in developing countries where electricity-grid connections are often expensive, unreliable, and have long installation lead times. As a result the number of off-grid base-station sites, mostly powered by diesel generators, is currently growing leading to increasing costs for operators active in emerging markets. The area is also being studied comprehensively, for example in the EU funded research project, EARTH (Energy Aware Radio and network technologies) [3]. The EARTH project has considered the effects of multi-antenna techniques, radio interface techniques and equipment components and how they are controlled on the energy efficiency of wireless networks [4]. Simulations using the EARTH-Reference scenario [5] of a network covering the dense urban, the urban and the sub-urban areas of Europe, yield that more than 98% of the subframes do not contain any transmitted data [6]. Hence, on the aggregate network level, the energy consumption is determined by the design of signals that are required for idle mode operation.

Energy efficiency of LTE is going to increase in importance in the future, therefore any specifications studied and developed for additional carrier types should take energy efficiency considerations into account.
2.2 Flexible Spectrum Usage
Rel-8 LTE supports flexible bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz. However, some spectrum scenarios may either be fragmented or be of substantially different sizes than the available signal bandwidths in LTE. With Rel-10 LTE, carrier aggregation can provide further flexibility in dealing with such situations. For example, a spectrum of 8 MHz could be covered by using a 5 MHz and a 3 MHz carrier. However, there may still be situations where carrier aggregation with the existing six channel bandwidths leaves room for optimization.

A simple solution on paper to fulfil new flexible bandwidth requirements would be to define new bandwidths over which LTE carriers as currently specified could operate. However, the drawback with this solution is that legacy LTE UEs would not be able to use such carriers. Supporting a new channel bandwidth is a significant effort both from UE implementation side and from a standardisation effort point of view. Hence a new channel bandwidth should only be specified if [8]: 

· There is a clear evidence that there is a gap in the 3GPP release-10 set of channel bandwidths

· This gap affects several operators and markets. 

Enhancing the spectrum utilization would also be possible by lowering the control overhead. This would specially be applicable for the case when one or many of the aggregated carrier(s) have a small bandwidth. If non-backward compatible additional carrier types are studied flexible spectrum usage should be studied. 

2.3 Heterogeneous Deployments

In a heterogeneous deployment in carrier aggregation mode, the presence of more than one carrier can be used to separate the macro and pico cells. However, the presence of reference signals such as CRS create interference between cells of the same hierarchy as well as between different hierarchies. Also, the CRS do not scale with load in the system and are present even when no data is transmitted. This creates interference issues in all types of deployments. Range expansion for heterogeneous deployments is one of the issues being studied for LTE in this context. Additional carrier types may provide an opportunity to implement enhancements due to the removal of backward compatibility constraints on the additional carrier. For example, minimizing mandatory transmissions such as CRS on the secondary carrier would significantly assist in reducing interference. Shared cell ID scenarios where legacy carriers on macro cells overlap with additional carriers on pico cells and vice-versa would also benefit from a reduction in interference due to minimization of mandatory transmissions. These aspects should be considered when studying additional carrier types.

2.4 Machine Type Communications

Most machine to machine (M2M) communication applications on cellular wireless systems use GSM networks. However, a need for moving M2M devices to LTE networks has been expressed recently in order to facilitate migration of spectrum away from GSM, and at the same time the number of M2M devices world-wide is expected grow rapidly in the coming years. In this context, support for machine to machine (M2M) communications is going to be an important feature for LTE in the future. Use of M2M communications over LTE requires the support of low-complexity, devices with good coverage. The need for making RAN improvements to LTE in order to support M2M communications has already been identified [7]. Given this background, it would be beneficial to consider improvements related to machine type communications in the specification of additional carrier types. 
3 Proposal
Based on the above discussion we propose the following:

If additional carrier types are to be supported, the support and improvements for the following areas should be addressed;

1) Energy efficiency

2) Flexible spectrum usage

3) Heterogeneous network deployments

4) Machine type communications
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